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PURPOSE: To stably provide an Nd-Fe-B type sintered magnet 
having a large coercive force even without Go and large energy 
product 

CONSTITUTION: An Nd-Fe-B type sintered magnet comprises 28- 
32wt.% of R, 0.5-2.0wt.% of B, 0.1-2.0wt% of Wb, 0.05-1. Owt.% of Ga, 
1000-6000ppm of oxygen, and the residue mainly of Fe, wherein its 
coercive force Is 20kOe or more, a maximum magnetic energy 
product is SOMGOe or more. 
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(57) [Abstract] 

[Objects of the Invention] Co is not contained but the large Nd-Fe-B 
mold sintered magnet of an energy product is offered stably greatly [ ** 
/ coercive force ]. 

[Elements of the Invention] A 28 - 32wt% R, a 0. 5 - 2. Owt% B, a 0. 1 - 
2. Owt% Nb, a 0. 05 - 1. Owt% Ga, 1000 ppm - 6000 ppm oxygen, the Nd-Fe-B 
mold sintered magnet 20 or more KOes and whose maximum magnetic energy 
product the remainder mainly consists of Fe and coercive force is 30 or 
more MGOes. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] 28 - 32wt% R (however, R is at least one sort chosen from Y 

and rare earth elements 3. 0 - 8. Owt% among R Dy and the remainder) Are 

one sort of Nd or Pr, or two sorts, and more than 50at% is included for 

Nd in the inside of R. A 0. 5 - 2. Owt% B, a 0. 1 - 2. Owt% Nb, 0. 05 - 

1. Owt% Ga, The Nd-Fe-B mold sintered magnet which contained 1000 ppm - 

6000 ppm oxygen and an unescapable impurity, and the remainder mainly 

consisted of Fe, and was excellent in the corrosion resistance whose 

coercive force iHc is 20 or more KOes, and whose maximum magnetic energy 

(product BH) max is 30 or more MGOes, and thermal resistance. 

[Claim 2] The Nd-Pe-B mold sintered magnet according to claim 1 whose Ga 

content is 0. 05. - 0. 8wt%. 



[Claim 3] The Nd-Fe-B mold sintered magnet according to claim 1 whose Ga 
content is 0. 1 - 0. 6wt%. 

[Claim 4] The Nd-Fe-B mold sintered magnet according to claim 1 whose Ga 
content is 0. 1 - 0. 4wt%. 

[Claim 5] The Nd-Fe-B mold sintered magnet according to claim 1 to 4 
whose 3. 0 - 5. Owt% is Dy among R and whose maximum magnetic energy 
(product BH) max is 30 or more MGOes. 

[Claim 6] The Nd-Fe-B mold sintered magnet according to claim 1 to 4 
whose 5. 0 - 8. Owt% is Dy among R and whose coercive force iHc is 25 or 

more kOes. 

[Claim 7] as ordinary temperature magnetic properties — iHc>=20kOe and 
(BH) max>=30MG0e — it is — the residual magnetic flux density Br of 23 
to 120 degrees C, and coercive force iHc — the Nd-Fe-B mold sintered 
magnet according to claim 1 each temperature coefficients alpha and beta 
of whose are -0. 12 <=alpha<=-0. 08%/degree-C-O. 65 <=beta<=-0. 40%/degrees 
C. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the Nd-Fe-B mold 
sintering permanent magnet which has the especially excellent corrosion 
resistance and thermal resistance about the permanent magnet which uses 
neodymium (Nd), iron (Fe), and boron (B) as a principal component. 
[0002] 

[Description of the Prior Art] Since a Nd-Fe-B mold sintered magnet has 
high energy product (BH) max as compared with a SmCo5 mold sintered 
magnet or an Sm2Col7 mold sintered magnet, it is used for various 



applications. However, since a Nd-Fe-B mold sintered magnet is inferior 
to thermal stability as compared with these Sm-Co mold sintered magnet, 
and the thermal stability is increased, various attempts are proposed. 
In JP, 64-7503, A, as a' good permanent magnet of thermal stability, 
general formula •R(Fel-x-y-zCoxByGaz) A (However, R is at least one sort 
chosen from rare earth elements, and is 0<=x<=0. 7, 0. 02<=y<=0. 3, 
0. 001<=z<=0. 15, and 4. 0<=A<=7. 5. ) And R(Fel-x-y-zCoxByGazMu) A (However, 
R is at least one sort chosen from rare earth elements, and M is one 
sort or two sorts or more of elements chosen from Nb, W, V, Ta, and Mo, 
and is 0<-x<-0. 7, 0. 02<=y<=0. 3, 0. 001<=z<=0. 15, u<=0. 1, and 
4. 0<=A<=7. 5. ) What is expressed is indicated. 
[0003] 

[Problem (s) to be Solved by the Invention] However, when it was going to 
produce stably the Nd-Fe-B mold anisotropy sintered magnet which has 
high corrosion resistance and a high heatproof property, and has the 
coercive force iHc of a high level, and energy product (BH) max in 
coincidence, without containing Co, it turned out exceeding said well- 
known technique that it limits [ the limitation of the component 
presentation range based on still more detailed research and examination, 
/ of an oxide ]. Especially this invention offers the Nd~Fe-B mold 
sintered magnet excellent in corrosion resistance and thermal resistance 
based on such knowledge. When this invention does not contain Co but ** 
also uses Dy and Nb effectively, coercive force iHc offers stably the 
large Nd-Fe-B mold sintered magnet of energy product (BH) max greatly by 
raising corrosion resistance remarkably, giving high thermal resistance 
by making the amount of D(ies), and the amount of Ga(s) into the 
specific range, and lowering the amount R of rare earth to coincidence, 
and limiting the amount of oxygen. 
[0004] 

[Means for Solving the Problem] This invention is 28 - 32wt% R (however, 
R is at least one sort chosen from Y and rare earth elements 3. 0 - 
8. Owt% among R Dy and the remainder). Are one sort of Nd or Pr, or two 
sorts, and more than 50at% is included for Nd in the inside of R. A 0. 5 
- 2. 0wt% B, a 0. 1 - 2. 0wt% Nb, 0.05 - 1. 0wt% Ga, It is the Nd-Fe-B mold 
sintered magnet which contained 1000 ppm - 6000 ppm oxygen and an 
unescapable impurity, and the remainder mainly consisted of Fe, and was 
excellent in the corrosion resistance whose coercive force iHc is 20 or 
more KOes, and whose maximum magnetic energy (product BH) max is 30 or 
more MGOes, and thermal resistance. The reason for limitation of a 
presentation of the permanent magnet of this invention is explained to a 
detail below. 



[0005] In this invention, R is contained in 28 - 32wt%. It is so 
effective in (BH) max and corrosion resistance improvement that there 
are few amounts of R as less than [ 32wt% ] as shown in the below- 
mentioned example 4. However, less than [ 28wt% ], it becomes easy to 
generate alpha-Fe in an ingot, and is hard to expect increase of (BH) 
max. Therefore, the amount of R is made into 28 - 32wt%. R shall contain 
Nd beyond 50at% among R components, in order to make Nd into a subject. 
Although 3. 0 - 8. Owt% Dy is contained in the inside of R, the remainder 
is mixing with a Nd independent, or Nd and Pr. Pr has effectiveness in 
improvement in coercive force iHc. 

[0006] Dy ~ R component — carrying out — 3. 0 - 8. Owt% — by 

containing, while Curie point Tc goes up, an anisotropy magnetic field 
(ha) increases, coercive force iHc improves, and thermal resistance is 
raised remarkably. Moreover, Dy has effectiveness also in corrosion- 
resistant improvement. In this invention, if there are few contents of 
Dy than 3. Owt(s)%, the purpose of this invention of raising thermal 
stability and corrosion resistance will not be attained. However, when a 
content increases more than 8. Owt%, degradation of a residual magnetic 
flux density Br and the magnetic properties by the fall of maximum 
energy product (BH) max is remarkable. Therefore, the content of Dy is 
made into 3. 0 - 8. Owt%. If a content has more Dy than 5. Owt(s)%, the 
fall of a fall of a residual magnetic flux density Br and maximum energy 
product (BH) max can acquire the coercive force iHc of 25 or more kOes 
of a certain thing. Therefore, the content of Dy is made into 5. 0 - 
8. 0wt% when it is going to acquire a high coercive force property more. 
Conversely, what is necessary is just to make the content of Dy into 3. 0 
- 5. 0wt%, when it is going to obtain a big residual magnetic flux 
density Br and big maximum energy product (BH) max. 

[0007] When Co is made to contain, there is effectiveness in the rise of 
the Curie point, but since a residual magnetic flux density Br and 
coercive force iHc decline, in this invention, it considers as the level 
below an impurity. If B exceeds 2. Owt% on the other hand by not 
acquiring quantity coercive force in the case of below 0. 5wt%, the 
nonmagnetic phase which was rich in B will increase, and a residual 
magnetic flux density Br will fall. Therefore, it considers as a 0. 5 - 
2. Owt% content. The content of desirable B is 0. 8 - 1. 2wt%. 
[0008] Ga does not almost reduce a residual magnetic flux density Br, 
and is effective in improving coercive force iHc. When Ga content is 
less than [ 0. 05wt% ], the effectiveness of improving coercive force iHc 
is not enough. If Ga content exceeds 1.0wt(s)%, a residual magnetic flux 
density Br will fall and a desired high energy product will not be 



obtained. Therefore, Ga content is made into 0.05 - 1. Owt%. Since the 
square shape nature of a magnetic hysterics TERISU curve will worsen if 
there are many Ga contents, also in order to give high square shape 
nature, the desirable content of Ga is 0.05 - 0. 8wt%. The more desirable 
content of Ga is 0. 1 - 0. 6wt%. Furthermore, it is 0. 1 - 0. 4wt% 
preferably. 

[0009] The permanent magnet of this invention contains 0. 1 - 2. Owt% Nb 
other than the above-mentioned component. Nb has the effectiveness which 
controls that crystal grain makes it big and rough at the time of 
sintering. According to this effectiveness, coercive force iHc improves 
and the square shape nature of a hysteresis curve becomes good. Moreover, 
that the crystal grain of a sintered compact becomes detailed 
contributes a magnet to having good magnetization nature. The Nd-Fe-B 
mold sintered magnet which has the thermal resistance which is the 
fitness of magnetization nature and was excellent is obtained. Nb is an 
effective additive at the magnet which has thermal resistance. When the 
content of Nb is less than [ 0. lwt% ], the effectiveness which controls 
a big and rough grain is inadequate. On the other hand, since many 
nonmagnetic borides of Nb or Nb-Fe occur and a residual magnetic flux 
density Br and Curie point Tc fall remarkably when the content of Nb 
exceeds 2. Owt(s)%, it is not desirable. Therefore, the content of Nb is 
made into 0. 1 - 2. Owt%. Preferably, it is 0. 1 - 1. Owt%. 
[0010] An oxygen content is set to 1000-6000 ppm. When there is less 
oxygen than 1000 ppm, there is industrial production top risk that 
magnet powder and its consolidation object tend to ignite. On the other 
hand, in [ than 6000 ppm ] more, it reacts with a rare earth R component, 
a rare earth oxide is formed, and it becomes difficult to obtain the 
magnet of high coercive force and a high energy product. The sintered 
magnet of this invention can be manufactured as follows. First, the 
ingot which has a fixed component presentation is manufactured by vacuum 
melting, and coarse powder with a particle size of about 500 micrometers 
is obtained by next carrying out coarse grinding of this ingot. This 
coarse powder is pulverized in an inert gas ambient atmosphere using a 
jet mill, and fines with a mean particle diameter of 3.0-6.0 micrometers 
(F. S. S. S. ) are obtained. Next, these fines are sintered in a 1000-1150- 
degree C temperature requirement after press forming in a magnetic field 
under the conditions of orientation magnetic field 15kOe and compacting 
pressure 1.5 ton/cm2. 

[0011] Heat treatment after sintering can be performed as follows. The 
sintered compact which sintered and acquired the Plastic solid first is 
once cooled to a room temperature. The cooling rate after sintering 



hardly affects the coercive force iHc of a final product. Subsequently, 
it heats in temperature of 800-1000 degrees C, and holds for 0. 2 to 5 
hours. This is considered as the first heat treatment. When heating 
temperature exceeds less than 800 degrees C or 1000 degrees C, 
sufficient high coercive force is not acquired. It cools to a room 
temperature thru/or a 600-degree C temperature region the rate for 0. 3- 
50-degree-C/after heating maintenance. When a cooling rate exceeds a 
part for 50-degree-C/, a balanced phase required for aging is not 
obtained and sufficient high coercive force is not acquired. Moreover, 
by 0. 3-degree-C/, heat treatment takes time amount to the cooling rate 
of the following, and it is not economical on industrial production. 
Preferably, 0. 6-2. 0-degree-C cooling rate for /is chosen. Although 
cooling termination temperature has a desirable room temperature, as 
long as it sacrifices coercive force iHc for some, it may consider as 
600 degrees C and below the temperature may quench. Preferably, it cools 
to ordinary temperature -400 degree C temperature. 

[0012] Heat treatment is performed at the temperature of further 500-650 
degrees C for 0. 2 to 3 hours. This is considered as the second heat 
treatment. Although it changes with presentations, heat treatment at 
540-640 degrees C is preferably effective. When heat treatment 
temperature is less than 500 degrees C, and when higher than 650 degrees 
C, even if high coercive force is acquired, decline in an irreversible 
demagnetizing factor takes place. Heat treatment is cooled the rate for 
0. 3-400-degree-C/like the first heat treatment. Cooling can be performed 
by the argon air-current middle class underwater and among a silicone 
oil. When a cooling rate exceeds a part for 400-degree-C/, a crack 
enters into a sintered compact by quenching, and the permanent magnet 
ingredient which is industrially worthy is not obtained. Moreover, when 
a cooling rate is the following by 0. 3-degree-C/, the phase which is not 
desirable appears in coercive force iHc in a cooling process. 
[0013] 

[Example] Hereafter, an example explains this invention to a detail 
further. 

(Example 1) Predetermined carried out weight weighing capacity of Metal 
Nd, Metals Dy and Fe, ferro-B, ferro-Nb, and the metal Ga, vacuum 
melting of this was carried out, and the ingot with a weight of 10kg was 
produced. When component analysis of this ingot was performed, they were 
the following presentations in the weight ratio. 
Nd27. 1-Dy3. 8-Bl. 03-NbO. 58-GaO. 18-Febal. (wt%) 

After cracking this ingot with a hammer, coarse grinding in the inside 
of an inert gas ambient atmosphere was further performed using the 



coarse crusher, and coarse powder with a grain size of 500 micrometers 
or less was obtained. Subsequently, pulverizing in an inert gas ambient 
atmosphere was carried out for this coarse powder using the jet mill, 
and fines were obtained. These fines were 4,0 micrometers (F. S. S. S. ) in 
mean particle diameter, and the amount of content oxygen was 5100 ppm. 
Next, press forming of these fines was carried out all over the 
horizontal magnetic field under the conditions of orientation magnetic- 
field-strength 15k0e and compacting pressure 1.5 ton/cm2, and the 
30mmx20mmxl5mm Plastic solid was produced. This Plastic solid sintered 
1080 degree-Cx3hr on condition that the vacuum substantially, was first- 
heat-treated [ of 900 degree-Cx2hr ] to the obtained sintered compact, 
ranked second to it, and performed the second heat treatment of 580 
degree-Cx2hr. 7.58 g/cm3 and the amount of content oxygen of the 
consistency of the obtained sintered compact were 4800 ppm. The 
following values were acquired when the ordinary temperature magnetic 
properties of this sample were measured. 

Br — =12. 7kGbHc=12. 0k0eiHc=22. 9k0e(BH) max= — each -0.10 and a - 
0. 57%/degree C value were further acquired as Curie point Tc 38.3 MGOe 
as temperature coefficients alpha and beta of Br and iHc of 23 to 120 
degrees C. [ 317 degrees C and ] Moreover, the 100-degree C irreversible 
demagnetizing factor of the sample which carried out permeance 
coefficient Pc=L 0 and 2.0 configuration has the thermal resistance 
which is 1. 5 and 0. 8% respectively, and was excellent. 
[0014] (Example 2) Experiment conditions were changed and the following 
experimental result was obtained like the example 1. 
Presentation : Nd25. 5-Dy6. 4-BL 03-NbO. 55-GaO. 19-Febal. (wt%) 
Sintering : The 1080 degree-Cx2hr first heat treatment : The 900 degree- 
Cx2hr second heat treatment ' 585 degree-Cx2hr ordinary temperature 
magnetic properties : Br = 12. 03kGbHc - 11. 6k0eiHc 27. 7k0e(BH) max = 
34. 6MG0e Curie point : Tc = 322-degree-C irreversible demagnetizing 
factor [at 100 degree C] : Pc = 1.0% -> 1. 3%Pc = 2.0% -> 0. 5%Br 
temperature coefficient (alpha), iHc temperature coefficient (beta) [23 
degrees C - 120 degrees C] 

: alpha= -0. 10%/degree-Cbeta= The amount of -0.50% [/degree C ] sintered 
compact content oxygen * Like the 4400 ppm example 1, this example is 
also excellent also in the elevated-temperature property with ordinary 
temperature magnetic properties, and the magnet excellent in thermal 
resistance can be obtained. 

[0015] (Example 3) Didym metal (Nd70wt%-Pr30wt%) was used and the 
following experimental result was obtained like examples 1 and 2. 
Presentation : Ndl8. 9-Pr5. 1-Dy7. 0-Bl. 08-NbO. 68-GaO. 35-Febal. (wt%) 



sintering : The 1080 degree-Cx2hr first heat treatment ' The 900 degree- 
Cx2hr second heat treatment 580-degree-Cx2hr ordinary temperature 
magnetic properties : Br = 11.9kGbHc = 11.4k0eiHc = 33. 8k0e(BH) max = 
31. 2MG0e Curie point : Tc = 325-degree-C irreversible demagnetizing 
factor [at 100 degree C] : Pc = 1. 0 1. 2%Pc = 2. 0 -> 0. 4%Br 
temperature coefficient (alpha), iHc temperature coefficient (beta) [23 
degrees C - 120 degrees C] 

: alpha= -0. 09%/degree-Cbeta= The amount of -0.48% [/degree C ] sintered 
compact content oxygen - Even when 5000 ppm didym metal is used, the 
magnet which was excellent in ordinary temperature magnetic properties, 
an elevated-temperature property, and thermal resistance like examples 1 
and 2 can be obtained. 

[0016] (Example 4) Predetermined carried out weight weighing capacity of 
Metal Nd, Metals Dy and Fe, ferro-B, ferro-Nb, and the metal Ga, vacuum 
melting of this was carried out, and the ingot with a weight of 10kg was 
produced. When component analysis of this ingot was performed, they were 
the following presentations in the weight ratio. 
Nda-Dyb-B1.05-Nb0. 51-GaO. 21-Febal. (a+b-TRE, b=3. 7) (wt% 
In each, after cracking this ingot with a hammer, coarse grinding in the 
inside of an inert gas ambient atmosphere was further performed using 
the coarse crusher, and coarse powder with a grain size of 500 
micrometers or less was obtained. Similarly this coarse powder was 
pulverized in the inert gas ambient atmosphere using the jet mill, and 
fines were obtained. These fines were 4.0 micrometers (F. S. S. S. ) in 
mean particle diameter, and the amount of content oxygen was 1000-9000 
ppm. Next, press forming of these fines was carried out all over the 
horizontal magnetic field under the conditions of orientation magnetic- 
field-strength ISkOe and compacting pressure 1,5 ton/cm2, and the 
30mmx20mmxl5mm Plastic solid was produced. This Plastic solid sintered 
1080 degree-Cx3hr on condition that the vacuum substantially, was first- 
heat-treated [ of 900 degree-Cx2hr ] to the obtained sintered compact, 
ranked second to it, and performed the second heat treatment of 580 
degree-Cx2hr. 7.58 - 7.62 g/cm3 and the amount of content oxygen of the 
consistency of the obtained sintered compact were 1000-4000 ppm. The 
result as measures how maximum energy product (BH) max and corrosion 
weight loss change to a TRE content about this sample and shows it to 
drawing 5 was obtained. Corrosion weight loss is obtained when a magnet 
is exposed for 100 hours into the temperature of 120 degrees C, 90% of 
humidity, and the environment of atmospheric-pressure 1. Oatm. As shown 
in drawing 1 , (BH) max can be enlarged by lessening the amount of 
TRE(s), but if it is less than [ 28wt% ], it becomes easy to generate 



L, 



alpha-Fe in an ingot, and is hard to expect the improvement in (BH) max. 
It can be made to decrease by lessening the amount of corrosion-weight- 
loss mist beam TRE(s). This is for the Nd-rich phase which is easy to 
corrode by lessening the amount of TRE(s) to decrease. However, since 
reduction of coercive force iHc will become remarkable if the amount of 
content oxygen exceeds 6000 ppm also as a low value of 28 - 32wt% for 
the amount of TRE(s), the amount of oxygen is set to 1000-6000 ppm. The 
oxygen content in a sintered compact and the relation of magnetic 
properties are shown in drawing 2 . 

[0017] (Example 5) Predetermined carried out weight weighing capacity of 
Metal Nd, Metals Dy and Fe, ferro-B, ferro-Nb, and the metal Ga, vacuum 
melting of this was carried out, and the ingot with a weight of 10kg was 
produced. When component analysis of this ingot was performed, they were 
the following presentations in the weight ratio. 

Nd(31.0-a)-Dya-B1.05-Nb0. 59-Gab-Febal. (2. 8<=a<=8. 5, 0 <=b<=l. 2) (wt%) 
In each, after cracking this ingot with a hammer, coarse grinding in the 
inside of an inert gas ambient atmosphere was further performed using 
the coarse crusher, and coarse powder with a grain size of 500 
micrometers or less was obtained. Similarly this coarse powder was 
pulverized in the inert gas ambient atmosphere using the jet mill, and 
fines were obtained. These fines were 4.0 micrometers (F. S. S. S. ) in 
mean particle diameter, and the amount of content oxygen was 5500 ppm. 
Next, press forming of these fines was carried out all over the magnetic 
field under the conditions of orientation magnetic-field-strength 15kOe 
and compacting pressure 1.5 ton/cm2, and the 30mmx20mmxl5mm Plastic 
solid was produced. This Plastic solid sintered 1080 degree-Cx2. 5hr on 
condition that the vacuum substantially, was first-heat-treated [ of 890 
degree-Cx2hr ] to the obtained sintered compact, ranked second to it, 
and performed the second heat treatment of 580 degree-Cx2hr. 7. 57 - 7. 63 
g/cm3 and the amount of content oxygen of the consistency of the 
obtained sintered compact were 4400-5500 ppm. About these samples, 
ordinary temperature magnetic properties were measured and the result as 
shown in drawing 3 , drawing 4 , and drawing 5 was obtained. Although 
drawing 3 is the result of measuring as Dy=5. 3wt%, since the improvement 
in iHc is not so much expectable only by Ga content being unable to 
demonstrate effectiveness easily less than [ 0. 05wt% ], and the fall of 
(BH) max becoming remarkable as for more than 1. Owt% about a content, 
0. 05 - 1. Owt% is optimum dose. Since the effectiveness of making iHc 
increasing is large, without Ga falling (BH) max remarkably as compared 
with Dy, 0. 01 - 1. Owt% of content becomes indispensable in this 
invention. The result to which Dy content was changed, having used Ga 



content as 0. 20wt(s)% at drawing 4 is shown. Although the increment in 
Dy content contributes to improvement in iHc greatly, since (BH) max is 
remarkably reduced by one side, 3. 6 - 8. Owt% of a content is optimum 
dose. The result at the time of changing Ga content to 0 - 0. 6wt% is 
shown by making Dy content into a parameter at drawing 5 . If Dy content 
exceeds 8. Owt(s)%, (BH) max will fall remarkably. Moreover, it is hard 
to acquire the high coercive force which exceeds 20kOe as Dy content is 
less than [ 3. Owt% ]. 

[0018] (Example 6) Predetermined carried out weight weighing capacity of 
didym metal (Nd70wt%-Pr30wt%) , Metals Dy and Fe, ferro-B, ferro-Nb, and 
the metal Ga, vacuum melting of this was carried out, and the ingot with 
a weight of 10kg was produced. When component analysis of this ingot was 
performed, they were the following presentations in the weight ratio. 
(Nd+Pr) 28. l~Dy3. 6-Bl. 03-NbO. 53-Gab-Febal. (0<=b<=0. 6) (wt%) 
In each, after cracking this ingot with a hammer, coarse grinding in the 
inside of an inert gas ambient atmosphere was further performed using 
the coarse crusher, and coarse powder with a grain size of 500 
micrometers or less was obtained. Similarly this coarse powder was 
pulverized in the inert gas ambient atmosphere using the jet mill, and 
fines were obtained. These fines were 3.5 micrometers (F. S. S. S. ) in 
mean particle diameter, and the amount of content oxygen was 4800 ppm. 
Next, press forming of these fines was carried out all over the 
horizontal magnetic field under the conditions of orientation magnetic- 
field-strength 15kOe and compacting pressure 1.5 ton/cm2, and the 
30mmx20mmxl5mm Plastic solid was produced. This Plastic solid sintered 
1080 degree-Cx3hr on condition that the vacuum substantially, was first- 
heat-treated [ of 890 degree-Cx2hr ] to the obtained sintered compact, 
ranked second to it, and performed the second heat treatment of 580 
degree-Cx2hr. 7.60 g/cm3 and the amount of content oxygen of the 
consistency of the obtained sintered compact were 1800-2400 ppm. About 
these samples, ordinary temperature magnetic properties were measured 
and the result as shown in drawing 6 was obtained. Since improvement in 
coercive force iHc and Hk is accepted by making Ga contain as shown in 
drawing 6 , content beyond 0. 05wt% becomes indispensable, however — 
although an upper limit is 1. Owt(s)% since Hk will fall and the square 
shape nature of the hysteresis loop will fall, if Ga exceeds 0. 4wt(s)% - 
- desirable — 0. 8wt(s)% — more — desirable — 0. 6wt(s)% — it is 
0. 4wt(s)% still more preferably. 

[0019] (Example 7) Predetermined carried out weight weighing capacity of 
didym metal (Nd70wt%-Pr30wt%) , Metals Dy and Fe, ferro-B, ferro-Nb, and 
the metal Ga, vacuum melting of this was carried out, and the ingot with 



a weight of 10kg was produced. When component analysis of this ingot was 
performed, they were the following presentations in the weight ratio. 
(Nd+Pr) 27.0-Dy5.0-B1.03-Nbx-GaO. 15-Febal. (0<=x<=l. 0) (wt%) 
In each, after cracking this ingot with a hammer, coarse grinding in the 
inside of an inert gas ambient atmosphere was further performed using 
the coarse crusher, and coarse powder with a grain size of 500 
micrometers or less was obtained. Similarly this coarse powder was 
pulverized in the inert gas ambient atmosphere using the jet mill, and 
fines were obtained. These fines were 3.5 micrometers (F. S. S. S. ) in 
mean particle diameter, and the amount of content oxygen was 4900 ppm. 
Next, press forming of these fines was carried out all over the magnetic 
field under the conditions of orientation magnetic-field-strength 15kOe 
and compacting pressure 1.5 ton/cm2, and the 30mmx20mmxl5mm Plastic 
solid was produced. This Plastic solid sintered 1080 degree-Cx3hr on 
condition that the vacuum substantially, was first-heat-treated [ of 890 
degree-Cx2hr ] to the obtained sintered compact, ranked second to it, 
and performed the second heat treatment of 580 degree-Cx2hr. 7. 59 - 7. 63 
g/cm3 and the amount of content oxygen of the consistency of the 
obtained sintered compact were 4400-5300 ppm. About these samples, 
ordinary temperature magnetic properties and mean particle diameter were 
measured, and the result as shown in drawing 7 was obtained. By making 
Nb contain, as shown in drawing 7 , the grain growth at the time of 
sintering can be controlled, and, as a result, sintered compact mean 
particle diameter can be made small. And improvement in coercive force 
iHc is expectable with this effectiveness. 2. Since the depressor effect 
of grain growth cannot be then expected so much but the fall of maximum 
energy product (BH) max also becomes large by content beyond 0wt%, 0. 4 - 
2. Owt% of content is optimum dose. 
[0020] 

[Effect of the Invention] As mentioned above, as shown also in the 
example, compound addition of Ga and the Nb is carried out at a Nd-Fe-B 
mold sintered magnet, and it has high coercive force and a high energy 
product for the amount of D(ies), the amount of oxygen, etc. as a 
suitable thing, and high thermal resistance and the magnet of high 
corrosion resistance are obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Maximum energy product (BH) max to the total amount of rare 
earth of a Nd-Fe-B mold sintered magnet, the graph which showed change 
of corrosion weight loss. 

[Drawing 2] The graph which showed change of maximum energy product (BH) 
max to the amount of content oxygen of a Nd-Fe-B mold sintered magnet, 
coercive force iHc, and corrosion weight loss. 

[Drawing 3] Maximum energy product (BH) max to Ga content (0-1. 2wt%) 
of a Nd-Fe-B mold sintered magnet, the graph which showed change of 
coercive force iHc. 

[Drawing 4] The graph which showed change of maximum energy product (BH) 
max to Ga content of a Nd-Fe-B mold sintered magnet, coercive force iHc, 
and corrosion weight loss. 

[Drawing 5] Maximum energy product (BH) max to Ga content (0 - 0. 6wt%) 
and Dy content of a Nd-Fe-B mold sintered magnet, the graph which showed 
change of coercive force iHc. 

[Drawing 6] The graph which showed change of maximum energy product (BH) 
max to Ga content (0 - 0. 6wt%) of a Nd-Fe-B mold sintered magnet, 
coercive force iHc, and square shape nature. 

[Drawing 7] The sintered compact mean particle diameter to Nb content of 
a Nd-Fe-B mold sintered magnet, the graph which showed change of maximum 
energy product (BH) max. 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 7] 
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